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This paper presents an analysis of the economic implications of alternative methods to surgical castration without anaesthesia.
Detailed research results on the economic implications of four different alternatives are reported: castration with local
anaesthesia, castration with general anaesthesia, immunocastration and raising entire males. The first three alternatives have
been assessed for their impact on pig production costs in the most important pig-producing Member States of the EU. The
findings on castration with anaesthesia show that cost differences among farms increase if the anaesthesia cannot be
administered by farmers and when the veterinarian has to be called to perform it. The cost of veterinarian service largely
affects the total average costs, making this solution economically less feasible in small-scale pig farms. In all other farms, the
impact on production costs of local anaesthesia is however limited and does not exceed 1 hct per kg. General anaesthesia
administered by inhalation or injection of Ketamin in combination with a sedative (Azaperone, Midazolan) is more expensive.
These costs depend heavily on farm size, as the inhalation equipment has to be depreciated on the largest number of pigs
possible. The overall costs of immunocastration – including the cost of the work load for the farmer – has to be evaluated
against the potential benefits derived from higher daily weight gain and feed efficiency in comparison with surgical castrates.
The economic feasibility of this practice will finally depend on the price of the vaccine and on consumer acceptance of
immunocastration. The improvement in feed efficiency may compensate almost entirely for the cost of vaccination. The main
advantages linked to raising entire males are due to the higher efficiency of feed conversion, to the better growth rate and to
the higher leanness of carcass. A higher risk of boar taint on the slaughter line has to be accounted for. Raising entire males
should not generate more than 2.5% of boar taint among slaughter pigs, in order to maintain the considerable economic
benefits of better feed efficiency of entire males with respect to castrates.
Keywords: castration with anaesthesia, immunocastration, entire males, pig production costs
Implications
Surgical castration without anaesthesia causes pain to
animals. The different alternatives to this common practice
discussed in this paper raise animal welfare of piglets
significantly. The costs inherent to these alternative prac-
tices are not prohibitive and do not compromise the com-
petitiveness of European pig production. This economic
evaluation of alternatives to surgical castration without
anaesthesia may facilitate the policy debate on this subject,
as the relevant improvement of animal welfare requested
by society can be obtained without a significant burden for
economic actors of the pork supply chain.
Introduction
Surgical castration without anaesthesia is increasingly
perceived as a practice to be banned in the near future
within the European Union (EU) as it is considered painful.
Several animal welfare NGOs and other stakeholder
groups are opposing surgical castration without anaes-
thesia and in some countries like Norway, the Netherlands
and Switzerland these stakeholder groups have gained
general consensus among citizens and consumers. In these
three countries, either national legislation or market-driven
initiatives run by major retail companies have banned this
practice (Bonneau et al., 2009). Several alternatives to
surgical castration without anaesthesia have been proposed
on the market and some of these have been introduced in
countries with a ban on castration without anaesthesia or- E-mail: k.de.roest@crpa.it
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are used on an experimental basis. Surgical castration with
anaesthesia will generate extra costs on pig farms, but
some other alternatives such as immunocastration and the
raising of entire males also offer benefits in terms of a
better feed conversion rate of pigs during fattening. As at
EU level a decision on this subject might be expected, it is
important to know which are the costs and benefits of the
different alternatives at farm level.
Methodology
Basis for the cost analysis is the Interpig pig production
costs database of the British Pig Executive, a network of
research institutes involved in the analysis of production
costs of pig meat in the EU, the US, Canada and Brazil,
coordinated by the British Pig Executive (BPEX, 2007). The
advantage of this database is that the production costs
have been calculated with one common agreed methodol-
ogy. The nine EU countries participating in the Interpig
network represent 75% of the pig population of the EU-27.
The full production costs in this database reflect the
actual situation in each of the participating countries where
surgical castration without anaesthesia is a common prac-
tice. In order to know the cost impact of the alternative
practices, data have been collected in the existing literature
containing information about the additional workload of
farmers and veterinarians as well as the costs of vaccines
and equipment related to these alternatives. Eventual
benefits expressed through an improvement of feed con-
version rates of pigs have accounted for as a reduction of
feed costs. Four alternatives have been assessed:
1. surgical castration with local anaesthesia through
injections;
2. surgical castration with general anaesthesia through
inhalation;
3. immunocastration;
4. raising entire males.
Nine EU countries have been taken into account in the
analysis. Although the UK and Ireland are part of the
Interpig database, they have been excluded from the ana-
lysis as in these two countries male pigs are not castrated
due to the younger age at which they are slaughtered.
Figure 1 illustrates the method of analysis followed in
this paper.
The average total extra costs of each of the alternative
practices emerging from the relevant literature have been
added to the pig production costs of the nine countries
under investigation. A weighted average of the production
cost increase has been calculated using the number of pigs
slaughtered per country as weighing criterion.
Results
Surgical castration with local anaesthesia
The estimates of workload and additional costs of castra-
tion with local anaesthesia and analgesia were evaluated in
a recent research project carried out in the Netherlands
(Animal Sciences Group (ASG), 2007). The calculation of
workload was performed, where either veterinarians or
farmers applied anaesthetics (lidocaine) and analgesics
(meloxicam). The term of comparison is the time required
by castration without anaesthesia as is practised normally
today in most European countries:
> If the lidocaine dose was applied by the veterinarian, the
average increase in labour demand was about 0.47 min
per piglet (2.82 min per litter). In this case, the workload
of the farmer alone has been charged with 0.22 min per
piglet.
> When anaesthesia was performed by stockmen, the
workload required was a bit lower, corresponding to
0.43 min per piglet (2.56 min per litter), while it increased
up to 0.58 min (3.48) with the administration of analgesic
after castration.
Additional costs of 
alternative practices
Additional workload of 
farmers and veterinarians, 
vaccines and yearly 
depreciation of equipment
Literature source 1
…………………….
……………………..
INTERPIG Pig Production 
costs database
Literature source n –1
Adjusted
INTERPIG Pig Production 
costs database
Literature source n
Figure 1 Schematic representation of the method of analysis.
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> The administration of only analgesics is a less time-
consuming option, entailing an extra labour demand
corresponding to 0.28 min per piglet (1.75 min per litter).
Moreover, on farms with more than 200 sows two
stockmen were needed for castration in order to avoid
waiting periods of more than 20 min between anaesthesia
and castration. Total costs differ according to these different
options and are also affected by the herd size and by the
frequency of castration.
According to the findings of the research, if castration is
practised (i) once a week (ii) with the support of veter-
inarian and (iii) without analgesic treatment, the estimated
additional costs per male piglet range from around h0.78
on farms with more than 400 sows up to h2.99 on farms
with less than 100 sows.
When castration is performed twice a week, the other
conditions being the same, additional castration costs
increase by 30% up to 75%, depending on farm size. On
the other hand, castrating pigs once in every 2 weeks
entails significant cost savings that range from more than
50% in the smallest farm class to 14% on the largest
pig farms.
Castrating piglets using both anaesthesia and analgesia
(meloxicam) is more expensive compared to using only
anaesthesia. It entails, on average, a 15% castration cost
increase in small and medium farms, and a 23% rise in
farms over 400 sows. The difference is due to the increased
cost for the purchase of pharmaceuticals, which rises from
h0.10 to h0.18 per piglet, and to the higher workload for
farmers who have to apply analgesia, which generates a
cost increase from h0.09 to h0.21 per piglet.
For each alternative option, visiting fees and labour costs
of the veterinarian represent at least 80% of total addi-
tional costs. Only the first cost item (veterinarian visiting
fees) is subject to economies of scale, while both costs for
drugs and total labour cost per piglet depend neither on
farm size nor on castration frequency. This means that if
anaesthesia and analgesia or both could be administered by
the farmer, total cost per piglet would drop drastically to an
average of h0.30 per piglet.
A similar research project was carried out on seven organic
pig farms in Norway (Eijck et al., 2007), where anaesthesia in
piglet castration became mandatory in 2002. The study was
specifically aimed at analysing the costs of the veterinarian
and the physical workload of anaesthetising piglets before
surgical castration compared to castration without anaes-
thesia. The method used was local anaesthesia by mean of
lidocaine injection into the testicle, currently the most prac-
tised in Norway. During the trials, anaesthetic treatment and
castration took on average 81 and 142 s per litter of five male
piglets, corresponding to 3.71 min per litter and to 0.74 min
per piglet.
Based on these measurements, it was calculated that the
costs of veterinarian time, excluding the call-out fee, are
h1.73 per litter, equal to h0.35 per piglet, which is similar to
the results of the Dutch research project. The costs of lido-
caine are h0.25 per litter, corresponding to h0.05 per piglet.
At this stage of the analysis it is interesting to know the
impact that the costs of local anaesthesia may have on the
production costs of pig meat. The average total cost
increase related to the costs of local anaesthesia carried out
by the farmers (workload plus vaccines) have been used in
order to adjust the Interpig production costs database to
this alternative practice of castration (see previous section
‘Methodology’) The extra labour input of the farmers and
the anaesthetic costs have been accounted for in this first
simulation, which is reported in Table 1.
As castration is only a minor cost item in the total costs
of production of a pig farm, it might have been expected
that the cost increase due to this practice is very small and
in most countries equals 0.1 hct per kg of carcass weight at
slaughtering. The overall weighted average of pig produc-
tion costs increases from h1.346 to h1.347 per kg.
In many countries, local anaesthesia by injection has to
be carried out by a veterinarian. It is therefore relevant to
know what will be the cost impact of local anaesthesia
when the veterinarian has to be called for doing this work.
Again this has been simulated using the average results of
the cost increase related to this practice, adding to the
additional costs of the previous practice the labour costs of
the veterinarian and his visiting fees. The results are shown
Table 1 Additional costs of castration with local anaesthesia carried out by the farmer (h/kg carcass weight, 2006)
AU BE DK FR DE IT NL ES SW Average
Variable costs 1.070 1.196 0.915 0.883 0.963 1.342 0.905 1.066 0.891 0.946
Feed 0.705 1.020 0.643 0.655 0.645 1.025 0.640 0.826 0.638 0.698
Vet and med 0.066 0.047 0.046 0.052 0.061 0.082 0.028 0.065 0.020 0.050
Other variable costs 0.299 0.129 0.226 0.176 0.257 0.235 0.237 0.175 0.233 0.193
Fixed costs 0.509 0.389 0.425 0.463 0.496 0.430 0.374 0.349 0.610 0.521
Labour 0.207 0.125 0.151 0.183 0.177 0.266 0.135 0.130 0.221 0.146
Finance costs 0.289 0.244 0.262 0.266 0.303 0.124 0.221 0.205 0.374 0.239
Interest on working capital 0.014 0.020 0.012 0.014 0.016 0.041 0.018 0.014 0.015 0.015
Total costs 1.579 1.585 1.339 1.346 1.459 1.772 1.279 1.416 1.500 1.346
Additional costs 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Revised total costs 1.581 1.587 1.341 1.347 1.460 1.773 1.280 1.417 1.501 1.347
Gross indigenous slaughter (000 t) 4.696 10.491 25.605 25.723 44.561 12.759 21.460 39.014 3.037 187.346
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in Table 2. Of course the additional costs with respect to the
first alternative rise significantly, but the share in total
production costs remains limited and these do not exceed
1 hct per kg. The overall weighted average of pig produc-
tion costs increases from h1.346 to h1.354 per kg.
Surgical castration with general anaesthesia
The costs of general anaesthesia administered by inhalation
and by injection have been calculated in a very recent
research conducted in Switzerland (Raaflaub et al., 2008).
In the first scenario, general anaesthesia is performed with
inhalation of Isoflurane in oxygen and castration is followed
by injection of Meloxican as analgesic (Walker et al., 2004).
The additional cost per piglet is evaluated considering both
variable costs (anaesthetic gas mixture and labour) and the
depreciation of the equipment used, which is assumed to
require an initial investment of h9100. The average increase
in labour demand is about 1 min per piglet for anaesthesia,
while time needed for the analgesic treatment is around
10 to 12 s for each animal. Maintenance of the equipment and
time spent for cleaning it at the end of the operations are also
considered in the simulation. The economic parameters used
for the cost calculation are summarised in Table 3.
Additional costs per male piglet range from around h1.34
in farms with more than 250 sows up to h5.97 in farms
with 25 sows, since scale economies affect the average
costs of maintenance of the equipment and its depreciation
cost. In smaller farms, depreciation and maintenance
represent 75% of total costs, while for larger farms their
share is around 20%. Only the cost of anaesthetics/
analgesics, equal to h0.46 per piglet, as well as the average
cost of labour needed to perform the treatment (h0.36 per
piglet) does not depend on the number of piglets castrated.
Average time spent for cleaning facilities decrease with an
increase of the number of piglets, because this operation
must be carried out only once for all the groups of animals
castrated during the day.
The second scenario considered in the study is general
anaesthesia performed with an injection of Ketamin in
combination with Midazolan and the administration of an
antagonist (Sarmazenil) to recover the piglets. Both treat-
ments are assumed to take around 10 to 12 s respectively.
The cost of this option has been estimated as h1.46 per
piglet independently from the size of the farms, since no
investment in specialised equipment is required.
According to the findings of the research, general anaes-
thesia applied by injection entails lower costs for farms with
less than 175 to 200 sows. On the contrary, on larger farms
anaesthesia administered by inhalation is cheaper than this
second option because of the possibility to exploit the
economies of scale on the depreciation and management
costs of the specialised anaesthesia equipment.
In Germany, a similar analysis on the economic implica-
tion of general anaesthesia with Ketamin has been carried
out, looking at the animal welfare and economic aspects of
the practice (Lahrmann et al., 2006). According to this
study, the cost of this operation is definitely lower than the
general anaesthesia with halothane, but only if the farmers
carry out the work. Under this scenario the cost per piglet
would be about h1 per piglet, but if the veterinarian has to
be called to anaesthetise the piglets the costs would rise to
h2 per piglet. Presently, German legislation does not allow
pig farmers to perform general anaesthesia on the farm
and, with this constraint, this practice at a cost of h2 per
piglet is considered not economically feasible.
The economic and practical aspects of general anaes-
thesia with halothane have been evaluated in a study car-
ried out by Wenger et al. (2002) in Switzerland. A sample of
Table 2 Additional costs of castration with local anaesthesia carried out by the veterinarian (h/kg carcass weight, 2006)
AU BE DK FR DE IT NL ES SW Average
Variable costs 1.070 1.196 0.915 0.883 0.963 1.342 0.905 1.066 0.891 0.946
Fixed costs 0.509 0.389 0.425 0.463 0.496 0.430 0.374 0.349 0.610 0.400
Total costs 1.579 1.585 1.339 1.346 1.459 1.772 1.279 1.416 1.500 1.347
Additional costs 0.007 0.007 0.008 0.007 0.007 0.005 0.007 0.009 0.008 0.007
Revised total costs 1.586 1.592 1.347 1.353 1.466 1.777 1.286 1.424 1.508 1.354
Gross indigenous slaughter (000 t) 4.696 10.491 25.605 25.723 44.561 12.759 21.460 39.014 3.037 187.346
Table 3 Cost parameters of castration with general anaesthesia administered by inhalation
Yearly depreciation of the equipment for anaesthesia- Euro/year 1039
Yearly cost for maintenance of anaesthesia equipment Euro/year 244
Costs of anaesthetic gas mixture Euro per 500 piglets 166
Cost of analgesic Euro per 1000 piglets 57
Costs of the equipment for analgesic treatment Euro per piglet 0.06
Workload for anaesthetic treatment Seconds per piglet 60
Workload for analgesic injections Seconds per piglet 11
Workload for equipment restoring/cleaning Minutes per treatment 20
-Initial investment of h9100, depreciated over 10 years.
Source: Raaflaub et al. (2008).
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1054 piglets were anaesthetised with a mask with halo-
thane (5%) mixed with oxygen and the time required per
piglet castration as well as total costs involved were com-
pared with a control group of piglet castrated without
anaesthesia. Piglet castration with halothane took in aver-
age 2.3 min per piglet and, compared to castration without
anaesthesia, the workload increase was around 1 min per
piglet. Including time and equipment depreciation, the
additional cost per piglet has been estimated as h1.67 if
anaesthesia is performed by a farm employee, but if
anaesthesia is administered by the veterinarian the differ-
ence in costs rises to h5.85 per piglet. The costs refer here
to a farm size of about 100 sows.
In the Netherlands, a method of general anesthesia with
a mixture of CO2/O2 gas has been developed and imple-
mented in 2008 (Kluivers-Poodt et al., 2008). Pig farmers
got the permission from national government to perform
general anaesthesia with this method after a training pro-
gramme. The total investment costs for the equipment,
training and quality audits on pig farms are estimated at
h1000 per farm (W. Baltussen, personal communication).
Retail organisations compensate farmers for their invest-
ments by a central fund. The additional variable costs are
estimated at 34 hct per male piglet. This amount can be
divided in 8 hct for the painkiller, 6 hct for the CO2/O2 gas
mixture and 20 hct for additional labour costs of the farmer.
In this way the costs are independent of the farm size.
Having analysed the different literature sources on the
costs of castration with anaesthesia in Table 4, the main
outcomes have been summarised. The workload and the
costs reported in the table always refer to the additional
time and the additional costs inherent to anaesthetise the
piglets.
At this stage of the analysis, it is possible to simulate the
cost impact of anaesthesia by means of inhalation. The
additional costs have to account for the extra workload
of the farmer and veterinarian, the depreciation costs of
the inhalation equipment and the anaesthetic costs. From
Table 5, average figures have been calculated in order to
assess the impact of this practice on the production costs of
pig meat. The cost impact of this practice is higher than
castration with local anaesthesia but remains limited, as it
represents approximately 1 hct per kg pig meat. The overall
weighted average of pig production costs increases from
h1.346 to h1.354 per kg.
Immunocastration
As far as the cost burdens at farm level are concerned, the
vaccination treatment with ImprovacR , the GnRH com-
mercial vaccine commonly used in Australia, entails a cost
ranging from h3 up to h3.3 per pig, including the costs of
the vaccine and the labour cost for double injection.
However the overall cost of immunocastration, including
the cost of the work load for the farmer, has to be eval-
uated considering the potential benefits coming from higher
daily weight gain and feed efficiency of the pig during the Ta
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period prior to second vaccination when it performs as an
entire male.
Compared to surgical castration, drawbacks entailed by
immunocastration are:
> Difficulties and time-consuming activity of vaccinating
pigs twice during the finishing phase.
> Costs related to the screening on slaughter line, for
detecting those subjects in which the vaccination may not
have been effective.
> The vaccine may be active for humans in case of
accidental self-injection. All the operators who are in
charge of vaccinating the pigs should be adequately
trained in procedures for the use of the products to
reduce the risks of self-injections. Furthermore, specific
equipment and facilities would be needed for making this
procedure safe and manageable at a large scale.
> Perceptions/reactions of (European) consumers to such a
practice have not yet been investigated in depth. It
cannot be excluded that this kind of treatment could be
considered controversial by consumers from a food safety
point of view, and affects the price or acceptability of
pigmeat.
Immunocastration has been evaluated in Switzerland
(Raaflaub et al., 2008). A significant improvement of feed
efficiency in comparison with surgical castrates (2.42 v.
2.54 kg/kg) generates a benefit of h4.44 per slaughter pig.
The total cost of vaccinating the pigs twice has been esti-
mated as h3.65 per pig. However a lower yield at slaugh-
tering has to be accounted for (h1.70 per pig), as has the
extra cost of cutting off the testicles (h0.30 per pig).
Overall, therefore, immunocastration generates an extra
cost of h1.40 per pig in comparison to the traditional sur-
gical castration. It has been assumed that the presence of
boar taint in immunocastrated slaughter pigs is the same as
the percentage of boar taint registered among castrated
slaughter pigs (about 0.4%), therefore, no extra costs have
been charged in this study for boar taint detection in the
slaughter line.
In arriving at an economic evaluation of immunocastra-
tion, it is important to correctly estimate the consequences
for production performance. Several experiments have been
carried out in recent years in order to analyse the advantages
of immunocastration by means of ImprovacR (Dunshea
et al., 2001; Zeng et al., 2002; Cronin et al., 2003; Jaros
et al., 2005), or other vaccines (Turkstra et al., 2002),
compared to surgical castration. In all these tests, efficacy
of the immunisation was over 97% of the treated pigs and,
in most cases, immunised pigs were generally found to
have a higher growth rate and better feed efficiency.
In a study comparing early and late immunocastrated
pigs with surgical castrates, with a total of 300 animals
(Dunshea et al., 2001), pigs treated with ImprovacR at
18 and 22 weeks and slaughtered at the age of 26 weeks
showed a daily weight gain that – measured over the last
4 weeks prior to slaughter – was 32% higher than the
average of surgically castrated animals (slaughtered at
the same age). In the case of the ‘early treated’ group the
difference was lower (17%), but in both age groups
the feed conversion rate was better than that of surgical
castrates. Furthermore, back fat thickness was significantly
lower in the two samples of immunocastrates.
Another set of data indicates the growth performance
differences between surgical and immunological castration
over a complete weaning to slaughter period, which in this
case went from 3 to 22 weeks of age. Immunocastrated
pigs were vaccinated at 13 and 18 weeks of age. Compared
to surgically castrated pigs, no differences were found in
final carcass weight, but feed intake as well as feed con-
version ratio was 8% better. Furthermore, lean meat yield
for immunological castrates was 10% higher.
Not all studies have compared immunocastrates with
castrates, as much of the work has been conducted in
markets where castration is not currently carried out (i.e.
Australia) and comparisons have been made with entire
males. An experiment conducted by Oliver et al. (2003)
gives interesting indications concerning the performance of
immunocastrates and entire males, although its aim was to
determine the consequence of the use of ImprovacR
combined with daily injections of porcine somatropin.
Over the 4-week experimental period, ImprovacR treat-
ment alone increased feed intake and daily gain by 13% and
9% respectively compared with untreated entire males,
without any significant effect on feed efficiency. The authors
conclude that a better growth performance in grouped-
housed immunocastrated boars compared to entire males is
in part due to reducing sexual and aggressive behaviour.
In a field study of Jaros et al. (2005), using 270 pigs
immunised with ImprovacR and 263 surgical castrates, the
androstenone concentrations between both groups were
not significantly different. Also no significant differences
were registered for daily growth rate. In this study, no
Table 5 Additional costs of castration with general anaesthesia by inhalation (h/kg carcass weight, 2006)
AU BE DK FR DE IT NL ES SW Average
Variable costs 1.070 1.196 0.915 0.883 0.963 1.342 0.905 1.066 0.891 0.946
Fixed costs 0.509 0.389 0.425 0.463 0.496 0.430 0.374 0.349 0.610 0.400
Total costs 1.579 1.585 1.339 1.346 1.459 1.772 1.279 1.416 1.500 1.346
Additional costs 0.009 0.008 0.010 0.009 0.009 0.006 0.009 0.011 0.010 0.009
Revised total costs 1.588 1.594 1.350 1.355 1.468 1.778 1.288 1.427 1.510 1.354
Gross indigenous slaughter (000 t) 4.696 10.491 25.605 25.723 44.561 12.759 21.460 39.014 3.037 187.346
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information is reported concerning the eventual change in
feed efficiency. Of interest is anyhow that the average lean
meat yield of immunocastrates was significantly improved
when compared to surgical castrates (54.50% of immuno-
castrates against 53.76% of surgical castrates).
Hennessy (2006) has summarised the results of a set of
studies focused on the production traits of immunological
castrates compared with surgical castrates. Table 6 shows
the key production data reported by these studies, which in
most cases confirm the advantage of immunocastration in
allowing a growth pattern much closer to that seen in entire
males. In the seven trials assessing the differences in feed
efficiency, immunocastrated pigs show a statistically sig-
nificant improvement compared to surgical castrates which
ranges from 7.7% to 16.9%. The immunocastrates have a
lower feed consumption to reach the same final weight, and
consequently a reduction of feed costs. In more than half of
these studies, immunocastrates also showed a statistical
improvement in average daily gain, with a difference ranging
between 3.5% and 10.6%. When the lean meat yield or back
fat was measured, in several studies immunocastrated pigs
have a significantly higher lean meat percentage and a lower
back fat compared to surgical castrates.
The average results of these literature studies have been
used to simulate the impact of immunocastration on the
production costs of pig meat (Table 7). In this simulation,
we have taken account of the costs of the vaccine and the
extra labour input to carry out the work in the pens, but at
the same time we consider the increase in feed conversion
efficiency. In the following calculations, 7.6% increase in
feed efficiency has been assumed, vaccine cost of h3.30 per
pig, 1% reduction of killing out rate and 50 s labour time
per pig. The benefits related to a higher lean meat per-
centage of immunocastrates have not been evaluated as
this would have implied modelling of the different payment
schemes in the nine EU countries, which was not feasible
within the framework of this study.
Under these assumptions, the benefits from the
improvement in feed efficiency compensate for the extra
costs of immunocastration. Especially in Italy, where the
feed conversion rate is high due to the high slaughter
weight of the pigs, the increase of feed efficiency causes a
reduction of production costs that is much higher than the
extra costs of vaccination. Danish pig farms, on the other
hand, already have a high feed efficiency and therefore a
further improvement is not sufficient to account for the
increase in vaccination costs. Finally, the analysis shows
that the overall weighted average of production costs of the
nine EU countries does not change due to immunocastra-
tion. It should however be remembered that a limited
amount of extra labour costs have to be accounted for in
the slaughterhouse, which have not been counted here, as
the Interpig data refer to production costs at farm level.
Raising entire males
Limitations of raising entire males are mainly linked to pork
quality and welfare issues. The most important is the higher
incidence of boar taint, in particular in countries where pigs
are slaughtered at medium to high weights. The problem is
less perceived in those countries where pigs are slaughtered
at a low weight and before sexual maturity (i.e. Great
Table 6 Differences in % between castrates and immunocastrates in growth performance and carcass quality
Country No. of pigs Slaughter weight (kg) Feed conversion efficiency Average daily gain Lean meat yield (%)
Mexico 24 108–110 17.7% ns 17.7%
Australia 30 105 115.1% 16.8% NA
Australia 50 96–100 110.0% ns NA
Australia 50 113–120 116.9% ns NA
Switzerland 260 100–110 NA ns 11.4%
Australia 60 105–110 17.9% 14.8% NA
Brazil 24 125–138 19.3% 110.6% 19.3%
USA 160 125–130 18.6% 13.5% 17.6%
NA5 not available; ns: not significant.
Source: Hennessy (2006).
Table 7 Impact of immunocastration on the production costs of pig meat (h/kg carcass weight, 2006)
AU BE DK FR DE IT NL ES SW Average
Variable costs 1.070 1.196 0.915 0.883 0.963 1.342 0.905 1.066 0.891 0.946
Fixed costs 0.509 0.389 0.425 0.463 0.496 0.430 0.374 0.349 0.610 0.400
Total costs 1.579 1.585 1.339 1.346 1.459 1.772 1.279 1.416 1.500 1.346
Additional costs 0.002 20.009 0.007 0.004 0.003 20.020 20.006 0.001 0.005 0.000
Revised total costs 1.582 1.576 1.346 1.350 1.462 1.752 1.273 1.417 1.505 1.346
Gross indigenous slaughter (000 t) 4.696 10.491 25.605 25.723 44.561 12.759 21.460 39.014 3.037 187.346
Source: Own calculations on Interpig database.
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Britain, Ireland and Spain), or where consumers are less
sensitive to tainted meat. Furthermore, entire males may
show higher aggressive and sexual activities than castrates,
and this can generate either negative welfare issues (EFSA
(European Food Safety Authority), 2004) or economic con-
sequences for farmers if such behaviours cause injuries or
reduced efficiency. Aggressive behaviours increase the risks
of carcass damage and/or skin lesions, which also imply
financial losses for farmers due to the meat depreciation.
Apart from the improvement of animal welfare, the
advantages linked to raising entire males are higher effi-
ciency of feed conversion, better growth rate and higher
leanness of meat.
In literature, better feed efficiency of entire males compared
with castrates is widely reported. An exhaustive literature
review on performance, carcass and meat quality advantages
of entire males over surgical castrates have been presented by
Xue et al. (1997). Considering the findings on feed efficiency,
expressed by the feed/gain ratio, the improvements in boars
ranges from 3% to 20% under different rearing conditions
with a saving of 2 to 28 kg of feed during the growing and
finishing period compared to barrows.
The comparison between growth rate of entire males and
barrows gives rise to different results: some research results
indicate that entire pigs grow faster, but others did not
reveal differences in average daily gain and in some cases
castrates were found to have higher growth rate than
boars. The inconsistency of findings is due, in part, to the
several factors that can influence growth rate including the
protein level in the diet, energy intake, age at castration
and slaughter weight.
Summarising the results of different trials, the authors
underline the relation found between these factors and
the level of average gain. In particular, entire males were
found to demonstrate higher growth rate when fed with
high-protein diets, under restricted feeding systems (not
ad libitum) and up to relatively high slaughter weights (110
to 130 kg). Furthermore, floor space available per pig may
influence average daily growth in boars as high density
increases their aggressive behaviour.
As far as the carcass composition is concerned, all
reviewed research focused on this aspect indicates a higher
lean meat percentage in entire males.
The European Food Safety Authority (EFSA) report on the
castration of piglets (EFSA, 2004) includes a literature
review that refers to the works of several authors on the
production traits of entire boars compared with castrates.
The report states that these trials all conclude that entire
boars grow faster, eat less feed or convert feed to live-
weight gain more efficiently and produce leaner carcasses
than castrates.
The advantages to boars over castrates can be sum-
marised as follows:
> Superior growth rate of boars up to 13%;
> Entire males may eat up to 9% less feed;
> Feed conversion (to live-weight) up to 14% more efficient;
> Entire males are generally leaner than castrates by up to
20% (with an exceptional difference of 40% being
recorded in one trial).
The size of differences in the findings of each of the trials
is due to the differences in factors that have an influence on
growth performance (breed, feeding system, diet, weight at
slaughter, etc). For example, in the trial conducted by MLC
(Meat and Livestock Commission), boars showed a 4.5%
higher average gain than castrates when fed ad libitum, but
they grew 11.3% faster in a restricted feeding system.
The costs and benefits of raising entire males nation-
wide have been estimated in a recent study in the Neth-
erlands (Baltussen et al., 2008). The assumption is that
unilaterally the whole country will have to raise only entire
males, whereas in the rest of Europe castration will con-
tinue to be carried out. The following changes of revenues
for the pig sector have been foreseen:
1. A lower meat production per slaughterhouse as males
will be slaughtered at a lower weight whereas the total
number of pigs slaughtered will not change.
2. Lower revenues due to the lower prices of the meat cuts
of entire males, as some high value cuts (hams) will be
lower priced.
3. Lower revenues for the pig farms as less meat will be
delivered to the slaughterhouse.
4. Higher revenues due to an increase of exports of live
animals as the assumed separate fattening of entire
males allows more fattening cycles per pig place, but as
the slaughter capacity in the country does not change
more males will be available for export.
The balance of these three presumed changes in reven-
ues of the pig sector has been estimated at h200 million,
which means a reduction of total revenues of 3.9%.
Contemporarily, changes in costs of the pig sector have
been calculated.
5. Lower feed costs both because the males are slaughtered
at a lower weight and because of better feed efficiency of
entire males with respect to castrates (h80 million).
6. Lower costs of manure removal, as the reduction of feed
input reduces the excess of minerals like phosphate and
nitrogen (h10 million).
7. Higher costs for the purchase of weaners as 1.2 million
extra pigs will be fattened in the country (h50 million).
8. Extra transport costs and extra costs for controlling
carcasses on boar taint (h30 million).
9. Reduction of labour costs (h2 million) as surgical
castration will not be performed anymore.
The total costs of the pig sector will decline by h110
million because of the above-listed positive effects.
Table 8 summarises the costs and benefits for the Dutch
pig sector of raising entire males.
The calculation results show that the gross added value for
the pig sector will decline by almost 90 million euro a year, as
a result of stopping castration and the separate fattening of
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entire males. The research has been carried out with two chain
models simulating the slaughter payment schemes and the
flows of the different pig categories and meat cuts on the
market. It is concluded that the estimate can have a band-
width in the range of tenths of millions euro. It can be con-
sidered as an interesting analysis of simulating an alternative
to surgical castration for all actors of the chains.
The raising of entire males has also been evaluated in the
recent ProSchwein research in Switzerland (Raaflaub et al.,
2008) (Table 9). The authors have excluded the option to
reduce slaughter weight, as it is not sure if the market
would accept smaller pork cuts. Obviously it will then be
necessary to invest in electronic nose equipment in the
slaughterhouse in order to detect boar taint. In large
abattoirs, the yearly costs of an electronic nose have been
estimated between h0.80 and h1.15 per boar, whereas
these costs may rise up to h1.80 per boar in small abattoirs.
Benefits of the raising of entire males are the significant
improvement of the feed conversion rate and the elimina-
tion of the costs of castration. However, the raising of entire
males can only be profitable if the percentage of pigs with
boar taint does not exceed 2.5%. Actually the percentage of
pigs with boar taint in Switzerland is 0.4%.
Conclusions
Very different alternatives to the classical surgical castration
without anaesthesia are being proposed on the market.
From the economic point of view, castration with local
anaesthesia carried out by the farmer would have the
lowest cost impact for farmers. This solution might not be
feasible, as many countries would not allow anaesthesia
without the intervention of a veterinarian. When general
anaesthesia would be foreseen, large farmers would suffer
a lower cost increase than small farmers as the anaesthesia
equipment and the intervention of the veterinarian can be
depreciated on a larger number of pigs. Immunocastration
has the advantage that better feed conversion rate of the
immunocastrates can compensate for the costs of the
vaccination. For this practice a lot will depend on the costs
of the vaccine, but also on the consumers’ acceptance of
this practice in the EU. Finally, the raising of entire males
can be an interesting option for many countries, except for
countries (Italy) and production systems (Iberian pigs) with
a high age at slaughtering. The costs and benefits of this
alternative will depend on the percentage of males with
boar taint at slaughtering. Undoubtedly the better feed
conversion rate of the entire males and the elimination of
the costs related to surgical castration, next to the improved
welfare of entire males are important positive aspects of
this practice, which may place this alternative in a favour-
able position for the future.
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